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CTION SYSTEM. 



FIELD OF THE INVENTION 



The present invention relates to the field of breath tests and methods of 
collecting the breath samples for remote analysis, and especially for use in breath 
tests which take a long time to complete or require special treatment of the 
sampled gases. 



A number of breath tests are known for use in diagnosing various clinical 
conditions in subjects. Many of these breath tests are comparatively quick, and 
give definitive results within a matter of a few minutes or at most, tens of 
minutes. When a real-time breath tester is used, such as the Breath ID ™ supplied 
by Oridion Medical Ltd., of Jerusalem, Israel, such quick breath tests are 
generally performed by keeping the subject connected to the breath tester, and 
sampling breaths directly into the breath tester at predetermined intervals, until 
the result is determined. If an off-line breath analyzer is used, such breath tests 
are generally performed by collecting breaths at predetermined intervals in bags, 
and transferring them for later analysis to the off-line breath analyzer. Such 
off-line breath tests inevitably mandate a longer test period since the ongoing 
result of the test is not known in real time, and samples should generally be 
collected until it is certain that a definitive result is obtained. 

Some breath tests however, such as that for determining orocaecal transit 
time (OCTT), require a long time to complete the sampling process necessary to 
achieve a definitive result, and can last for up to approximately 6 hours. This may 
be problematic for a number of reasons. Other breath tests require special 
collection conditions, which are not generally met by currently used breath test 
procedures, whether on-line tests, or tests using analysis at a remote location. 



BACKGROUND OF THE INVENTION 
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Some of the above-mentioned problems can be summarized as follows: 

(i) Subject inconvenience of being connected to a breath testing instrument 
for such a long time; 

(ii) Poor utilization of the breath test instrument, which is generally an 
expensive piece of equipment, and it is not cost-effective for a single subject 
to monopolize a breath test instrument for several hours; 

(iii) In cases wherein breath samples have to be collected and sent to a 
laboratory, it causes staff inconvenience in dealing with very large number 
of samples, both in ensuring that the samples are taken, and at the correct 
times; 

(iv) In cases wherein breath samples have to be collected and sent to a 
remote laboratory, differences in the C0 2 content between the breath 
samples may introduce systematic errors in isotopic C0 2 measurement. 
Such changes may arise especially if the samples are manually taken 
without the use of a concentration regulating mechanism during the 
collection procedure, or if the subject to be analyzed does not exhale in a 
steady state condition throughout the test. Similar errors may also occur in 
other isotopically labeled breath samples. 

(v) Some breath tests require an absolute knowledge of the volume of 
exhaled C0 2 throughout the test, in addition to the isotope concentration of 
the species of carbon dioxide detected. Some examples of such breath tests 
are those for determining liver function or pancreatic function, in which 
the breath test analyzes exhaled products resulting from metabolic 
pathways through the organ being tested. For such tests, the conventional 
methods of assuming a constant volume according to the weight and 
height of the patient, according to the known Body Surface Area (BSA) 
parameter calculation may not be accurate due to physiological factors 
unrelated to the measurement In other breath tests, it is not the absolute 
volume that is required, but the change in absolute volume as the test 
proceeds. Since the volume is not necessarily directly related to the isotope 
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concentration measured by the breath test, prior art breath tests do not 
always provide accurate results for such tests. 

(vi) Some breath analysis procedures, such as those utilized in the analysis 
of volatile organic compounds (VOC), need special procedures for 
collecting and preparing the samples to prevent undesired sources of error. 
Such errors could arise from the presence of VOC's in the ambient gases, 
from the differences in normal metabolism rates between individuals, and 
from the presence of undesired factors affecting the samples, such as 
humidity. Current collection procedures do not generally fulfil these 
requirements. 

There therefore exists an important need for a breath collection apparatus, 
particularly for use with breath tests which extend over long periods, which will 
overcome some of the above-mentioned disadvantages of present breath testing 
sample collection procedures. 

The disclosures of all publications mentioned in this specification, are 
hereby incorporated by reference, each in its entirety. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide a new breath collection system 
which obviates the need for the subject to remain attached to or close to a breath 
tester in the case of an on-line breath test, or close to a breath collection point in 
the hospital or clinic for off-line breath analysis procedures. 

There is thus provided in accordance with a preferred embodiment of the 
present invention, an automatic, portable, breath sampling system, which is 
preferably carried by the subject, or otherwise kept with him or near him, for the 
recommended duration of the test. According to one preferred embodiment, the 
system collects samples at predetermined time intervals. According to another 
preferred embodiment, the system collects samples in response to an automatic 
stimulus, which could be related to the breath content itself, or to another 
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physiological signal, such as the subject's pulse rate, breath rate, blood pressure, 
or temperature. According to another preferred embodiment of the invention, 
preferably used to determine the effects of environmental hazards or pollution, 
the system collects samples in response to a signal related to an environmental 
effect, such as the presence of a strong concentration in the air of a foreign gas, 
which could be detected by an electro-chemical sensor. 

If the prompting signal for sample collection is based on the breath content 
itself, that prompt may preferably be obtained from the output of a capnographic 
analyzer at the input to the collection system. The capnograph should preferably 
identify the sample as a breath sample before the commencement of collection, 
and should provide input signals to the gas collection system at the predetermined 
C0 2 level above which breath is to be collectedJf another physiological signal is 
used to prompt breath collection, then an appropriate sensor must be provided, 
and its output interfaced with the breath collection system control. 

According to another preferred embodiment of the present invention, the 
pneumatics and plumbing system used to collect the breath samples may be 
similar to those used in the intermediate chamber embodiments, described in the 
co-pending PCT application, International Publication No. WO 99/14576 for 
"Isotopic Gas Analyzer", hereby incorporate by reference in its entirety, whereby 
only a predetermined part of each relevant breath is collected. The part of the 
relevant breath collected is generally determined by a capnographic probe at the 
entrance of the system, which analyses the input breath waveform in real time. 
The whole collection procedure is preferably under control of a central controller. 

According to another preferred embodiment of the present invention the 
capnograph output could be used to identify and differentiate alveolar breath, 
which has taken part in pulmonary gas exchange, from air originated from the 
subject's respiratory dead space or from the environmental air. This may also thus 
allow collection of air from the environment, or from the dead space when of 
interest. Thus, for instance, air from the environment would be sampled from the 
baseline region of the waveform, which is the inspiratory region where virtually 
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none of the subject's pulmonary exhaled breath is mixed in. Air from the 
subject's dead space would be sampled from the rising part of the waveform, 
where the exhaled pulmonary air pushes out the dead space air, which is air from 
the subject's mouth, trachea and bronchial tubes, which did not originate from the 
lungs themselves. Alveolar breath would be collected from the plateau of the 
waveform. In general, throughout this application, and as claimed, use of the term 
"breath" is generally understood to mean the exhaled breath of the subject, except 
in those embodiments where it refers to inhaled breath or dead space breath, as 
generally sampled by a nasal or an oral/nasal cannula, or an airway adaptor. 

According to more preferred embodiments of the present invention, the 
rate of collection may be made dependent on a characteristic of the breath being 
measured at the input. Thus, collection rate could preferably be increased when 
changes of relevance are detected in the characteristic of the breath being 
measured, e.g. if the carbon dioxide concentration changes significantly, or in any 
of the other parameters being monitored in the subject or in the ambient. 

According to another preferred embodiment of the present invention the 
collection system can includes means to monitor the heart rate throughout the 
collection procedure, to allow the monitoring of changes in a metabolism rate of 
the subject that in particular, cause changes in the volume of carbon dioxide 
exhalation. As is known, the . heart rate is one of the indicators of the overall 
metabolic rate of a subject Blood pressure may also be used. According to 
another preferred embodiment the C0 2 waveform is continuously analyzed to 
evaluate changes in the rate of carbon dioxide exhalation throughout the 
collection period. 

Analysis of volatile organic compounds (VOC) is commonly performed 
using mass spectrometry and gas chromatography after collection and preparation 
of the samples. One recent prior art device for the measurement of VOC's is 
disclosed in the European Patent Application EP1205750A2 to Amirav. 
Alternatively, use is made of sensors based on the measurement of temperature, 
pressure and viscosity of a gas at a given volume such as a microchip gas 
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analyzer; or optical spectrometers such as those based on Raman spectrometry, 
cavity ring resonance spectrometry or non dispersive infra red spectrometry. For 
the measurement of VOC levels in the breath, additional requirements prior to the 
gas analysis must be considered, because of the very small levels to be detected, 
typically of the order of microgram per liter concentrations, or even less. Some 
examples of such VOC breath tests are to detect the presence of acetone, which is 
present in the breath of some types of diabetic patients, or alcohol, or carbon 
monoxide, and others, as described, for instance in the articles entitled 
"Collection of Single Alveolar Exhaled Breath for Volatile Organic Compound 
Analysis" by J. D. Pleil et al., published in American Journal of Industrial 
Medicine, Vol. 28, pp. 109-121 (1995), and 'Technological Development in 
Breath Microanalysis for Clinical Diagnosis" by Wu-Hsun Cheng et al., in 
Journal of Laboratory Clinical Medicine, Vol. 133, pp. 218-228 (1999). The VOC 
detected in human alveolar breath may come from products of metabolism, which 
is the level being sought in the breath test, or it may come from inhaled ambient 
air, in which case the level is simply an indicator of the gas abundance in the 
background, and is of secondary interest For this reason, it is generally necessary 
always to determinate the level of VOC in human expired air in comparison with 
background VOC levels. 

Alternatively in some breath tests, such as the ammonia breath test for the 
detection of Helicobacter pylori, breath samples must be obtained from the 
body's dead space and not from the alveolar gas. Most of the ammonia generated 
in this test comes directly from the stomach and not by metabolic paths which 
result in its presence in exhaled breath from the lungs. 

Different methods and apparatus have been proposed to overcome the 
above-mentioned difficulties. One such method, for the performance of VOC 
breath tests, is the respiration of very pure air before the sampling. This, 
however, requires long preparation, is time consuming, impractical for 
sequential measurement and requires a large volume of highly purified air, 
which is an expensive product. Alternatively, manually activated valves or 
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simple pressure valves are used to attempt to isolate exhaled alveolar samples 
from other sources of gas, but these methods are inaccurate and unpractical for 
collecting gas from the inhaled air. For collecting dead space gases, catheters 
and aspiring devices have been proposed, but such devices are invasive, and 
may be inaccurate and impractical. 

In order to solve the above mentioned problems, there is provided a system 
according to another preferred embodiment of the present invention, that 
accurately collects alveolar gas, environmental or dead space gas based on the 
carbon dioxide waveform information provided by a capnograpbic probe. This 
allows the VOC levels in the alveolar breath to be compared to ambient or dead 
space levels thus ensuring an accurate measurement. Alternatively a fast oxygen 
probe could replace the capnographic probe for similar purposes. In this case, a 
lower level of oxygen than the ambience level characterizes alveolar gas from 
breath. 

Although the invention is described in this application for use with breath 
tests, it is to be understood that it is not meant to be limited to this such tests but 
may be advantageously used for collecting breath samples for any other long term 
clinical tests or trials which require samples of breath. 

In accordance with yet another preferred embodiment of the present 
invention, there is provided a system for collecting a plurality of samples of 
breath from a subject, comprising a breath conduit for conveying breath from the 
subject to the system, a plurality of sample containers for collection of the 
plurality of samples, a controller, and a sample distributor which directs different 
predetermined samples of the breath to different ones of the plurality of sample 
containers according to the controller. 

In the above mentioned system, the controller may preferably cause the 
sample distributor to direct the samples at predetermined times, which may 
preferably be at fixed time intervals, or may preferably be determined by a 
characteristic of the breaths of the subject. This characteristic of the breaths may 
preferably be at least one of the carbon dioxide concentration, the oxygen 
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concentration, the excess pressure, the temperature, the humidity, the flow rate 
and the sound of the breaths. 

Alternatively and preferably, the predetermined times may be determined 
by at least one physiological characteristic of the subject, which could be any one 
or more of the subject's breath composition, breath rate, heart rate, blood 
pressure, gastric pH value and temperature, or any other suitable characteristic. 

Alternatively and. preferably, the predetermined times may be determined 
by an output from one or more of an implanted medical device, such as a drug 
delivery system, an ingested medical device, such as an endoscopic capsule, and 
an endoscopic medical device. 

Furthermore, in any of the above-mentioned embodiments, the breath 
conduit may comprise a nasal or an oral/nasal cannula, or a breath tube. 

There is further provided in accordance with yet another preferred 
embodiment of the present invention, a system for collecting a plurality of 
samples of breath from a subject, comprising a breath conduit for conveying 
breath from the subject to the system, a breath analyzer for determining a 
characteristic of the breath, a valving system to collect at least part of the breath, 
the valving system being actuated according to the characteristic of the breath, a 
plurality of sample containers for collection of the plurality of samples, and a 
sample distributor for directing different predetermined samples of the at least 
part of the breath to different ones of the plurality of sample containers. The 
sample distributor may preferably be operated manually. Alternatively and 
preferably, the system may also comprise a controller operative to cause the 
sample distributor to direct the different predetermined samples to the different 
ones of the plurality of sample containers. 

In the above mentioned systems, the breath analyzer may preferably be a 
capnographic analyzer, and the characteristic is then the carbon dioxide 
concentration of the breath. In such a case, the above-mentioned part of the 
breath is determined by the carbon dioxide concentration of the breath. According 
to more preferred embodiments, the part of the breath may be collected when the 
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carbon dioxide concentration of the breath is at the plateau value of its waveform, 
such that alveolar air is sampled, or it may be collected when the carbon dioxide 
concentration of the breath is at the rising part of its waveform, such that dead 
space air is sampled, or it may be collected when the carbon dioxide 
concentration of the breath is at the baseline of its waveform, such that inhaled 
air is sampled. 

The above-mentioned system may also comprise a gas volume controller 
such that equal volumes may be collected in said containers, and wherein at least 
a first and a second of the sample containers contain a material which absorbs a 
predetermined gas of the breath of the subject, and wherein the controller is 
adapted to direct breath exhaled when its carbon dioxide concentration is at the 
plateau value of its waveform into a first of said sample containers, and breath 
when the carbon dioxide concentration of the breath is at the baseline of its 
waveform into a second of the sample containers, such that the system can 
determine the ratio of the concentration of the predetermined gas by the subject to 
that contained in ambient air. At least the first and second of the plurality of 
sample containers preferably comprises a heater for expelling the predetermined 
gas of the breath of the subject. Also, the volume controller may comprise a flow 
meter for measuring the volumes of breath into the sample containers, in 
conjunction with the controller, which ensures equal volume collection. 
Alternatively, the volume controller may comprise an intermediate chamber 
system for so ensuring. The above described embodiments enable the system to 
be used for VOC analysis, where the predetermined gas contains volatile organic 
compounds. 

Alternatively and preferably, the above mentioned breath analyzer may be 
an oxygen content analyzer, and the characteristic is then the oxygen 
concentration of the breath. 

In the last mentioned systems, the controller may preferably cause the 
sample distributor to direct the samples at predetermined times, which may 
preferably be at fixed time intervals, or may preferably be determined by a 
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characteristic of the breaths of the subject. This characteristic of the breaths may 
preferably be at least one of the carbon dioxide concentration, the oxygen 
concentration, the excess pressure, the temperature, the humidity, the flow rate 
and the sound of the breaths. 

Alternatively and preferably, the predetermined times may be determined 
by at least one physiological characteristic of the subject, which could be the 
subject's breath composition, breath rate, heart rate, blood pressure, gastric pH 
value or temperature, or any other suitable characteristic. 

Alternatively and preferably, the predetermined times may be determined 
by an output from one or more of an implanted medical device, such as a drug 
delivery system, an ingested medical device, such as an endoscopic capsule, and 
an endoscopic medical device. 

In accordance with still another preferred embodiment of the present 
invention, there is provided a system for collecting a plurality of samples of 
breath from a subject, comprising a breath conduit for conveying breath from the 
subject to the system, a valving system to collect at least part of the breath, the 
valving system being actuated according to a physiological characteristic of the 
subject, a plurality of sample containers for collection of the plurality of samples, 
and a sample distributor for directing different predetermined samples of the at 
least part of the breath to different ones of the plurality of sample containers. The 
at least one physiological characteristic of the subject may preferably be any one 
or more of the subject's breath composition, breath rate, heart rate, blood 
pressure, gastric pH value, temperature, or any other suitable characteristic. 
Furthermore, the breath conduit may preferably comprise a nasal or an oral/nasal 

cannula, or a breath tube. 

There is further provided in accordance with still another preferred 
embodiment of the present invention, a system for collecting a plurality of 
samples of breath from a subject, comprising a breath tube through which the 
subject provides breath by blowing, a pressure sensor for deterniining the 
pressure of the breath, a valving system for collecting at least one sample from at 
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least part of the breath, the valving system being actuated according to the 
pressure of the breath, a plurality of sample containers for collection of the 
plurality of samples, and a sample distributor for directing different 
predetermined samples of the at least part of the breath to different ones of the 
plurality of sample containers. 

The sample distributor may preferably be operated manually. Alternatively 
and preferably, the system may also comprise a controller operative to cause the 
sample distributor to direct the different predetermined samples to the different 
ones of the plurality of sample containers. If the system includes a controller, the 
controller may preferably prompt the subject at predetermined times to provide 
breath by blowing. These predetermined times may be fixed time intervals, or 
they may be determined by a physiological characteristic of the subject, which 
could be any one or more of the subject's breath composition, breath rate, heart 
rate, blood pressure, gastric pH value or temperature, or any other suitable 
characteristic. Alternatively and preferably, the predetermined times may be 
determined by an output from one or more of an implanted medical device, such 
as a drug delivery system, an ingested medical device, such as an endoscopic 
capsule, and an endoscopic medical device. 

In accordance with yet a further preferred embodiment of the present 
invention, there is also provided a system for collecting a plurality of samples of 
breath from a subject, comprising a breath tube through which the subject 
provides breath by blowing, a plurality of sample containers for collection of the 
plurality of samples, a one way check valve for directing the breath samples from 
the breath tube to the plurality of sample containers, and a sample distributor for 
directing different predetermined samples of the breath to different ones of the 
plurality of sample containers. 

The sample distributor may preferably be operated manually. Alternatively 
and preferably, the system may also comprise a controller operative to cause the 
sample distributor to direct the different predetermined samples to the different 
ones of the plurality of sample containers. If the system includes a controller, the 
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controller may preferably prompt the subject at predetermined times to provide 
breath by blowing. These predetermined times may be fixed time intervals, or 
they may be determined by a physiological characteristic of the subject, which 
could be any one or more of the subject's breath composition, breath rate, heart 
rate, blood pressure, gastric pH value or temperature, or any other suitable 
characteristic. Alternatively and preferably, the predetermined times may be 
determined by an output from one or more of an implanted medical device, such 
as a drug delivery system, an ingested medical device, such as an endoscopic 
capsule, and an endoscopic medical device. 

There is also provided in accordance with yet a further preferred 
embodiment of the present invention, a method and a breath collection apparatus 
for collecting breath samples such that they are in a suitable form for determining 
the concentration of volatile organic compound in breath of a subject relative to 
the ambient. The apparatus comprises: 

(i) a breath collection device which collects in a first container a first sample 
obtained from the subject's breath indicative of the ambient air inhaled by the 
subject, and 

(ii) a second container in which the breath collection device collects a second 
sample of alveolar air in the breath of the subject. 

The breath is preferably analyzed by means of a capnographic probe, 
whereby the first sample is collected at the baseline of the waveform of the breath 
of the subject, and thus is representative of inhaled air from the ambient, and the 
second sample is collected from the plateau volume of the breath of the subject, 
and thus is representative of the exhaled gas from the subject. 

There is also provided in accordance with another preferred embodiment 
of the present invention, a system for determining the concentration of VOC in 
the breath of a subject, which utilizes the above-mentioned breath collection 
apparatus, and in which the first and second samples are passed by means of a gas 
transfer system to be analyzed for the concentrations of the volatile organic 
compound, for example by means of a gas analyzer as described in the prior art. 
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The concentration of the volatile organic compound in the first sample is 
compared to that in the second sample. 

There is even further provided in accordance with another preferred 
embodiment of the present invention, a method of determining in a breath test of 
a subject, the volume of a species in the subject's breath over a period of interest, 
comprising the steps of: 

(i) providing a breath test apparatus comprising a probe at its input, such that the 
concentration of the species in the breath of the subject is continuously 
monitored, 

(ii) measuring the breathed volume rate of the species in the subject's breath as a 
function of the integrated concentration of the species, such that the relationship 
of breathed volume to measured concentration is known, 

(iii) integrating over the period of interest, the total concentration of the species 
determined by the probe, and 

(iv) converting the integrated concentration of the species to the absolute volume 
of the species by means of the relationship. 

Furthermore, in accordance with yet another preferred embodiment of the 
present invention, there is provided a method of determining, in a breath test of a 
subject, the change in volume of a species in the subject's breath, comprising the 
steps of: 

(i) measuring a first concentration of the species in the breath of the subject by 
means of the breath test, 

(ii) measuring a second concentration of the species in the breath of the subject 
by means of the breath test, 

(iii) monitoring a physiological parameter of the subject related to the metabolic 
rate of the subject, for change in the parameter between the measuring of the first 
concentration and the second concentration, and 

(iv) adjusting the second concentration according to change determined in the 
physiological parameter, such that the second concentration measured is 
representative of the volume of the species in the subject's breath. 
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In the above-mentioned method, the physiological parameter of the subject 
may preferably be at least one of the pulse rate of the subject, the integrated area 
under a capnographic measurement of the subject's breath, and the breath flow 
rate of the subject. 

There is also provided in accordance with a further preferred embodiment 
of the present invention, a system according to any of the above-described 
embodiments and in which the sample containers contain a material which 
absorbs at least part of the breath of the subject. In such embodiments, the 
material may preferably releases the at least part of the breath of the subject under 
the influence of heat. 

Furthermore, in accordance with yet more preferred embodiments of the 
present invention, in any of the systems described hereinabove, there may also be 
included an evacuated chamber in which the plurality of sample containers are 
located. In such a case, the sample containers should preferably be flexible bags. 

Finally, in accordance with yet more preferred embodiments of the present 
invention, in any of the systems described hereinabove, the sample containers 
may have rigid walls and may preferably be evacuated before the commencement 
of the collection of the samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from 
the following detailed description, taken in conjunction with the drawings in 
which: 

Fig.l is a schematic illustration of a breath collection system constructed 
and operative according to a first preferred embodiment of the present invention, 
for use with cannula breath collection; 

Figs. 2A to 2C are schematic illustrations of breath collection systems 
constructed and operative according to other preferred embodiments of the 
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present invention, and especially utilizable when the subject provides the samples 
by blowing into a breath tube, rather than using a cannula; 

Fig. 3 is a schematic illustration of yet another preferred embodiment of 
the present invention, which is a simplified version of that shown in Fig. 2B 
using a check valve for directing the sample gas within the system; 

Fig. 4 is a schematic illustration of a breath collection system, constructed 
and operative according to yet another preferred embodiment of the present 
invention, in which the sample collection bags are contained in a vacuum 
chamber, thus obviating the need to provide a pump in the system; 

Fig. 5 is a schematic illustration showing how breath samples are 
separately defined for collection from different sections of the respiratory 
wavefront, and by means of the breath collection system of Fig. 1, are allocated to 
different collection containers; 

Figs. 6A and 6B are schematic illustrations of breath collection systems, 
and a breath VOC analyzer, constructed and operative according to yet further 
preferred embodiments of the present invention, in which the sample collection 
bags shown in the systems of the above drawings are replaced by adsorbent traps 
such as for absorbing the VOC content of the breath; and 

Fig s. 7A and 7B are schematic illustrations of a subject wearing a 
complete breath collection system as shown schematically in Fig. 1, according to 
two different additional preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Reference is now made to Fig. 1, which is a schematic illustration of a 
breath collection system constructed and operative according to a first preferred 
embodiment of the present invention. The subject's breath is collected at the 
breath collection port 10, preferably by means of an oral, a nasal or an oral/nasal 
cannula, as is known in the art, or by means of a breath tube into which the 
subject blows a breath. After entering the system, the breath sample passes into 
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the breath sensor 12, which can be any one of a number of different types. 
According to one embodiment of the present invention, the breath sensor 10 
incorporates a capnographic probe, operative to determine the carbon dioxide 
concentration in the breath as a function of time. An electronic signal 
proportional to the temporal carbon dioxide concentration of the breath is input to 
the system controller 14. 

After exiting the breath sensor, the breath sample enters a pump 16. When 
a cannula is used to collect the breath, mis pump ensures the inputting of the 
breath sample from the subject by means of its suction effect, and its continued 
motion through the rest of the system. In cases when a breathing tube is used for 
collecting the sample, the need for a pump is obviated. 

After exiting the pump 16, the breath sample is preferably directed to a 
three way solenoid valve 18 whose flow position is controlled by means of a 
signal obtained from the system controller 14. The two alternate positions of the 
solenoid either pass the breath sample into the sample distributor unit 20, or 
discard the sample by ejecting it into the air 22. According to a first preferred 
embodiment, the controller 14 which provides the solenoid control signal, is 
programmed to determine when me subject's breaths are to be collected and 
when they are to be rejected, according to the predetermined test procedure, as 
described below. 

According to a second preferred embodiment, the solenoid valve 18 is 
additionally or alternatively controlled so that only those parts of the breath 
samples are collected, where the carbon dioxide concentration is above a 
predefined level. Those parts where the carbon dioxide concentration is below 
that predefined level are rejected. Such a division can be derived from the output 
signal obtained from the capnographic breath sensor 12, and the controller can be 
adjusted to select or reject any predefined part of the breath waveform, according 
to the carbon dioxide level instantaneously detected. Further explanations and 
embodiments are to be found in the above-mentioned International Publication 
No. WO 99/14576. Alternatively and preferably, the solenoid valve 18 is 
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controlled to collect only those parts of the breath where the carbon dioxide 
concentration is below a predefined level. Alternatively and preferably, the 
solenoid valve 18 is controlled to collect any predefined part of the waveform. 
According to further preferred embodiments of the present invention, the breath 
sensor need not specifically be a capnographic detector, but can be a detector of 
another gas such as oxygen, or ammonia, depending on the particulars of the test 
with which the breath collection system is to be used, or even a combination of a 
capnograph with another sensor. Furthermore, sensors of pressure, flow, acoustic 
noise, temperature and humidity may also preferably be used to detect breaths. 

According to another preferred embodiment of the invention, the system 
collects samples in response to a signal related to an environmental effect, such 
as the presence of a hazardous gas in the air, as preferably detected by a 

hazardous gas detector. 

The sample distributor 20 is operable to distribute separate breath samples 
or, according to the solenoid valve programming, parts of separate breath 
samples, to a number of individual sample containers 24. The timing of the 
distribution is determined by the controller 14. According to one preferred 
embodiment of the present invention, samples are collected at regular timed 
intervals, according to the predetermined requirements of the test. According to 
another preferred embodiment, samples are collected at times according to 
predetermined factors derived from signals input to the controller from 
physiological stimuli related either to the breaths themselves, such as, for 
instance, their end-tidal carbon dioxide content, or the breath rate, either of which 
would be obtained from the capnographic probe 12, or to physiological signals 26 
other than those from the breaths themselves, some examples being the subject's 
pulse rate, breath flow rate, blood pressure, or temperature, as mentioned above. 

According to yet more preferred embodiments of the present invention, the 
gas collection system could be activated by means of a signal generated by an 
implantable, introducible or ingestible medical device, such as a drug delivery 
system, a pH monitoring system, or by means of an endoscope or an endoscopic 
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capsule probe. Thus, for instance, according to one preferred embodiment of 
these external activating signals, a drug dispensing pump can be used to dispense 
a therapeutic or a diagnostic drug at a designated point in the subject's body, and 
the dispensing time signal can be made to trigger breath test collection, such that 
the effectiveness of the drug can be verified by means of the breath test on the 
samples collected accordingly. Similarly, a signal can be provided by an 
endoscopic imaging capsule, such as that described in me article "Localization of 
a Wireless Capsule Endoscope in the G-I Tract" by D. Fischer et al, published in 
Gastro-Intestinai Endoscopy, Vol. 53, p. AB126 (2001). In such an application, 
the probe can be used to define the position of a test meal in the G-I tract, so that 
the breaths can be collected in correlation with the known position of the meal. 
Such an application can be advantageously utilized in performing the breath test 
for deternuning bacterial overgrowth. Likewise, a pH monitoring system could 
provide a signal to the system to collect a breath test sample or samples when the 
intragastric pH reaches a predetermined value. 

The sample distributor 20 preferably comprises a multi-output solenoid 
valve, whose input can be switched to any of an array of output lines by means of 
electrical control signals, as is known in the art. Alternatively and preferably, an 
array of individual solenoid valves can be provided, connected together on the 
common input side and each feeding a separate output line to a single sample 
container. Each container is filled by opening its associated individual solenoid 
valve, until the required number of breaths to fill it is collected. The controller 
determines when the bag is full from a calculation performed using the known 
flow rate which is determined by the pump, the fluid resistance of the system, and 
the length and duration of the breaths. The valves can preferably be 
electro-mechanically or pneumatically operated. 

The collection containers are preferably in the form of gas-tight bags, 
which are initially flat at the beginning of the test, and each of which is 
sequentially filled by the inflow of the breath sample directed to that container. 
The collection containers are preferably arranged in a separate unit, easily 
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detachable from the rest of the breath collection system, such that once the 
required number of collection containers have been filled at the end of the 
collection period, this separate unit can be detached and taken to the gas analyzer 
system for analysis. Alternatively and preferably, each of the separate collection 
containers can be detached from the system and taken for analysis. 

Reference is now made to Figs. 2A to 2C, which are schematic 
illustrations of breath collection systems constructed and operative according to 
more preferred embodiments of the present invention. These embodiments differ 
from that shown in Fig. 1 in several respects. Firstly, sample collection from the 
subject is not performed independent of subject intervention by means of a nasal 
or nasal/oral cannula, but rather by means of a breath tube into which the subject 
actively blows 30. The subject is preferably prompted to provide the breath 
sample by means of a prompting signal 32, such as an aural tone, or a flashing 
light signal, provided at the correct time by the controller 14. This can either be at 
given time intervals predetermined according to the test being performed, or it 
could be in response to a physiological stimulus arising from another source 26, 
including a capnographic sensor, for use with breath tests where a specific 
physiological parameter value mandates that a bream sample be collected for 
testing. 

Since the act of blowing a breath into the breath tube generates a positive 
pressure at the system input, according to these embodiments there is no need for 
a pump to collect and drive the breath samples through the system, as shown in 
the previous embodiment of Fig. 1. According to a first version of this 
embodiment, shown in Fig. 2A, the breath from the input tube is passed into a 
pressure sensor 34, whose output signal is processed by the controller 14, and 
which is operable to switch the solenoid valve 18 to collect or discard part of the 
breath sample. In this way, only those parts of breath samples are collected which 
arise from a pulmonary output pressure above a predetermined value. According 
to a second simpler version of this embodiment, shown in Fig. 2B, the input 
breath sample is passed directly to the sample distributor 20, where it is sent to its 
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predetermined collection container, as described in the embodiment shown in Fig. 
1. According to a third version, a capnography probe may detect the parts of the 
waveform of interest In this third embodiment, there is no waveform comparable 
to that of the conventional nasal sampling case, but the capnographic probe can 
be used to accurately differentiate that part of the breath originating from dead 
space at the beginning of the subject's blowing, from the alveolar breath. 

Since the embodiments shown in Figs. 2A and 2B are dependent on the 
subject's co-operation in providing the breath sample when prompted, the system 
can be even further simplified, according to a further preferred embodiment of 
the invention, shown schematically in Fig. 2C, by having the subject also fulfil 
the distribution function. This can be done by providing a prompt 32 to the 
subject to switch from one sample container to the next as each breath sampling 
prompt is received from the controller 14, by means of a manually operated 
sample distributor 33. Alternatively, the subject can be prompted to switch to the 
next container after providing each breath sample or set of breath samples for 
each sample container. This embodiment thus simplifies the construction of the 
system by making the sample distributor manually operated 33. 

Reference is now made to Fig. 3, which is a schematic iUustration of a 
breath collection system constructed and operative according to yet another 
preferred embodiment of the present invention. This embodiment, like that shown 
in Fig. 2, utilizes a prompt signal to instruct the subject when the time has come 
to blow into the system to provide breath samples. However, the system is 
simpler than that shown in Fig. 2, in that essentially all of the breath blown out by 
the subject is passed to the sample distributor for collection by one or other of the 
sample containers. A one-way check valve 40, which opens at a certain 
predefined pressure, is provided to ensure that breath can only flow from the 
subject into the sample distributor, and not in reverse. This ensures the 
authenticity of the breath samples collected. In the preferred embodiment shown 
in Fig. 3, distribution of the breaths to the different sample containers is 
controlled by the controller 14, as in previously described embodiments. In order 
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to further simplify the system, the manually operated sample distributor 33 shown 
in Fig. 2C can also be advantageously used in this embodiment 

Reference is now made to Fig. 4, which is a schematic illustration of a 
breath collection system, constructed and operative according to yet another 
preferred embodiment of the present invention. This embodiment is similar to 
that shown in Fig. 1, in that the use is made of a cannula to collect the breath and 
a breath sensor and solenoid valve to determine which part or parts of each breath 
to collect. However, in the embodiment of Fig. 4, there is shown a special 
embodiment of the collection container system, which obviates the need to 
provide a pump in the breath collection system. The collection containers 24 are 
all accommodated within a gas-tight outer chamber 50 which is preferably 
pumped to a vacuum before the start of the test. The presence of the vacuum 
ensures that when the solenoid valve and the sample distributor valve to a 
particular sample container bag are open, the container bag will fill up with a 
breath sample, or part of a breath sample, by drawing in the subject's breath from 
the cannula under the effect of the vacuum acting on the container bag's outer 
surface. Alternatively and preferably, use can be made of evacuated individual 
rigid containers, such as the commercially available Vacutainers®, connected 
directly to the distribution tubes of the sample distributor, which fill up under the 
influence of the vacuum within the containers. 

In all of the above described embodiments of the present invention, it is 
important that the tubing from the exit of the solenoid valve 18 all the way to the 
sample container is as thin as possible, such that there is a minimal amount of 
residual gas in these tubes, relative to the volume of the collection container, 
before the commencement of the test. In this way, there is minimal dilution of the 
collected sample by this residual gas. In this connection, it is important to note 
that the current generally available Vacationers®, as used for blood collection, 
are not of sufficiently large volume to ensure this condition, and that this 
embodiment therefore requires the provision of rigid evacuated containers of 
sufficiently large volume. 
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Though each of the above-mentioned embodiments have been described as 
having specific features, it is to be understood that all of these features can be 
interchanged, where relevant, between the various embodiments, without 
departing from the scope of the present invention. Thus for example, it is to be 
understood that the use of a breath sensor, though only shown in the 
embodiments of Figs. 1 and 4, could also be used in the embodiments of Figs. 2, 
though its advantage would be reduced when the subject provides the samples by 
blowing. Similarly, a manually operated sample distributor could be utilized in 
any of the embodiments shown. 

Reference is now made to Fig. 5, which is a schematic representation of a 
breath waveform, showing the various parts of the waveform from which a 
capnographically controlled breath selector can select those parts required for a 
particular breath test analysis, especially for a VOC content breath collection. The 
breath sampled from the baseline region 60 of the waveform is generally 
representative of the air from the environment, since in this region, the subject is 
inhaling, and virtually none of the subject's pulmonary breath is mixed in. Breath 
or air from the subject's dead space is sampled from the rising part of the 
waveform 62, where the exhaled pulmonary breath pushes out the dead space gas, 
which is breath or air from the subject's mouth, trachea and bronchial tubes, 
which did not originate from the lungs themselves. Alveolar breath is collected 
generally from the plateau 64 of the waveform. 

Furthermore, Fig. 5 can be used to illustrate another preferred embodiment 
of the present invention, wherein the carbon dioxide waveform is constantly 
analyzed to evaluate changes in the rate of carbon dioxide exhalation throughout 
the collection period, and to determine the total exhaled volume of carbon 
dioxide. Such methods for the determination of the total exhaled volume of 
carbon dioxide may be used advantageously, according to further preferred 
embodiments of the present invention, when performing breath tests of the type 
which require absolute knowledge of the volume of labeled molecules exhaled. 
Examples of such breath tests are those for deterniining liver function or 
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pancreatic function. In such tests, a known number of labeled molecules of the 
substance to be metabolized is ingested by the patient, and the breath test must 
determine at various times during the test, the absolute number of such exhaled 
molecules resulting from the metabolic pathways through the organ being tested. 
The results of capnographic measurements provide the concentration of carbon 
dioxide in the subject's breath. Likewise, the breath test measurements generally 
provide the ratio of isotope concentrations in the breaths. In order to convert 
concentrations into the total volume of carbon dioxide exhaled during any period, 
the relationship between the results of the capnograph concentration 
measurements and the absolute breathed volume of carbon dioxide must be 
determined. 

In other breath tests, it is not the absolute volume that is required to be 
determined, but the change in absolute volume as the test proceeds. Since the 
volume is not necessarily directly related to the concentration measured by the 
breath test, prior art breath tests do not always provide accurate results for such 
tests. Thus, for example, if the metabolic rate of the subject changes, the 
concentrations measured in the breath test may be unchanged, while the exhaled 
volume may have changed significantly. 

According to presently accepted procedures, use is usually made of 
standard tables or expressions, known as the BSA calculations, to determine the 
exhaled carbon dioxide volume expected from the known weight and height of 
the subject. Such assumed volumes can be in error if the overall metabolic rate of 
the subject is abnormal because of other factors, such as illness, genetic or 
statistical variations. Furthermore, as mentioned above, changes in metabolic rate 
can occur because of temporary circumstances, and in such cases, the use of BSA 
expressions may result in inaccuracies. The exhaled volume of carbon dioxide are 
accurately measured in the prior art by means of specific carbon dioxide 
absorbing traps, or by calorimetric measurements, but such methods generally 
take time and are complicated to execute, in comparison with a simple breath test. 
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The above described methods and apparatus may be advantageously used, 
according to another preferred embodiment of the present invention, to estimate 
the absolute carbon dioxide exhaled volume at any time during the duration of the 
test, without unnecessarily complicating or significantly lengthening the breath 
test in progress. According to this preferred embodiemnt, the exhaled volume of 
carbon dioxide is measured for a short period by using one of the known accurate 
measurement devices or methods, such as a calorimeter, or an integrated flow 
measurement method. Once this base measurement has been obtained from the 
subject, the regular breath test is commenced, according to a first preferred 
embodiment, using a capnographic probe to provide waveform data such as is 
shown in Fig. 5. The area 66 under a series of waveforms is integrated over the 
period of the breath collection, and the total volume of carbon dioxide exhaled is 
assumed to be proportional to this integrated area. A constant carbon dioxide 
volume is indicative of a constant metabolic rate in the subject and the volume of 
carbon dioxide over any period is then assumed to be proportional to the integral 
under the waveform plot correlated with the absolute initial measurement of 
exhaled carbon dioxide volume performed at the start of the test. A constant 
volume of bream is thus assumed throughout the test. If the waveforms show a 
change in carbon dioxide concentration, then the assumed absolute carbon 
dioxide volume is adjusted according to the change in the concentration shown. 
The calibration of concentration against volume may be performed before the 
test, as described above, or at any time during or after the test. 

Alternatively and preferably, the total carbon dioxide volume can be 
calculated by utilizing the initially measured absolute volume rate, and adjusting 
this rate according to other indicators of the general metabolic rate of the subject, 
such as the subject's pulse rate, or from measurement of the flow rate of the 
breaths, or more simply, from a measure of the pressure differential generated by 
this flow across a passage of known resistance to the fluid flow. However, for 
typical flow rates generated during breath tests on human subjects, it is found that 
the pressure differential which needs to be measured is of the order of only 2 
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mbar, such that although a pressure measurement is generally simpler to perform 
than a flow measurement, the very small magnitude of the pressure differential 
may complicate the measurement. 

Furthermore, if it is the changes in exhaled volume that is the parameter of 
interest in the breath test, then according to other preferred embodiments of the 
present invention, the results of the breath test can be adjusted for changes in 
comparative exhaled volume according to any one, or a combination of more than 
one, of the above described indicators of metabolic rate, such as capnographically 
measured carbon dioxide integrated volume, or pulse rate, or blood pressure or 
breath flow rate. 

Furthermore, the pulse rate can preferably be used to determine the correct 
or the most advantageous time to collect breath samples, since a steady pulse rate 
is indicative of the lack of interference to the subject's metabolism. 

According to the above mentioned preferred embodiments of the present 
invention, any of the physiological inputs 26 shown in the above described 
embodiments in Figs. 1 to 4, which have been previously described for use in 
determining the sampling rate or the timing of the collection of breaths, can also 
be used as the above-mentioned indicators of the metabolic activity of the subject 
for correction of the assumed carbon dioxide volume, or for generally 
determining periods when, because of an atypical metabolic state, collection of 
the breaths is nor desirable. This metabolic indicator can also be the capnographic 
probe 12 output itself, which provides information about the metabolic state of 
the subject. According to these preferred embodiments, metabolic indications 
from any of these inputs can also be used to apply a correction factor for implied 
volume change to the information processed by the instrument which analyses the 
collected gases. 

Reference is now made to Fig. 6A, which is a schematic illustration of a 
system according to another preferred embodiment of the present invention, in 
which the sample collection bags are replaced by absorbent traps for collecting 
VOC's or the specific gas intended to be measured. The components of this 
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system in Fig. 6A have been given the same reference characters as those of the 
previous embodiments of Figs. 1 to 4. For VOC measurements, such traps could 
preferably contain activated charcoal, carbon black, molecular sieves, polymers, 
or any other suitable VOC absorbing material. For isotopic carbon dioxide 
measurements, soda lime or lithium hydroxide could preferably be used. Such 
absorbing materials are characterized by absorbing the specified compound at 
room temperature and releasing it while heated to temperatures of between 100°C 
and 450°C, according to the material. The volumes of collected gas samples are 
preferably measured by means of a flow meter 69 or similar device, as described 
above, and the flow levels are preferably used by the controller 14 to ensure that 
an equal volume of gas is directed to each container. As an alternative, the flow 
levels may be recorded for further analysis together with the carbon dioxide 
concentrations obtained from the capnographic probe. 

Alternatively and preferably, the volumes of gas to be delivered to the 
absorption traps, could be measured by accumulating given volumes of gas by 
means of an intermediate chamber 65, which preferably has a capnographic probe 
12 at its input, as is known in the art. This enables equal volumes of gas to be 
passed to the absorption traps, so that the volumes of gas trapped are normalized 
to each other. Such a system utilizing an intermediate chamber system 65 is 
schematically illustrated in Fig. 6B. The intermediate chamber system 65 is 
preferably coupled to or comprises a capnographic probe or breath sensor 12 and 
thus forms a system that comprises all of the breath monitoring and control 
functions, which select the predetermined part or parts of the breath waveform 
and accumulate those parts until the desired volume is achieved, such that the 
controller 14 has only to ensure that each successive accumulated volume from 
the intermediate chamber system is passed to a successive collection container. 
The carbon dioxide concentration of each sample can be recorded for further 
analysis if required. 

The absorption traps can be heated to release the absorbed gases for 
measurement A heating device, such as a resistor, could preferably be included 
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in the sample container, and connected to an external power source, such that the 
gas contained in each trap is selectively and sequentially released by means of 
activation of the heater and the solenoid valves. Alternatively this gas collection 
and release system could provided as an accessory for use with other gas 
collection systems, or can be implemented using standard laboratory equipment 
as described in the prior art. The samples are transferred to a VOC analyzer 63, 
such as is known in the art, for analysis of the VOC concentration in each sample. 
Gas measurement of VOC concentrations can preferably be performed by 
subtracting the concentration of VOC found in the ambient air from that found in 
the alveolar air, as described, for instance, in the above-mentioned articles by J. 
D. Pleil et al., and by Wu-Hsun Cheng et al. 

Although the measurement of VOC has been described in relation to the 
embodiment of Figs. 6A and 6B, using absorbent traps as collection containers, 
this being a simple method of collecting VOC's, it is to be understood that the 
apparatus is not meant to be limited to such containers, but can also be performed 
with the systems described in any of the other embodiments of the present 
invention, subject to the VOC concentration being extractable from that container 
and being measurable therefrom. 

Reference is now made to Figs. 7A and 7B, which schematically illustrate 
a subject using a portable breath collection system 70 according to further 
preferred embodiments of the breath collection systems shown previously. Such 
portable embodiments are easily carried by the subject, for example on the 
subject's belt as shown in Fig. 7 A, or in a back-pack, as shown in Fig. 7B, or in a 
small hand-carried bag. 

The breath samples are preferably collected from the subject in the 
conventional manner by means of a nasal cannula 72, and are conveyed to the 
collection system 70 by means of a thin cannula tube 74. These embodiments thus 
enable the subject to continue the performance of the breath test, even for long 
periods of time, while carrying on his/her regular routine. In this respect, these 
preferred embodiments of the present invention may be regarded as being the 
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capnographic equivalents of the well-known Hotter monitors used for monitoring 
cardiac activity while the subject is carrying on his regular routine. 

As mentioned above, metabolic indicators as obtained by the user's pulse 
rate, blood pressure or the capnographic probe itself, or by any other useful 
indicator, can preferably be used to correct the assumed volume of carbon 
dioxide exhaled, as explained hereinabove, or to instruct the portable breath 
collection system to stop collecting temporarily, or to "label" some of the 
collection containers with the metabolic state of the subject existent at the time 
the breaths in that container were collected, so that an appropriate correction can 
be applied to the analysis of the container when ultimately performed. 

It is appreciated by persons skilled in the art that the present invention is 
not limited by what has been particularly shown and described hereinabove. 
Rather the scope of the present invention includes both combinations and 
subcombinations of various features described hereinabove as well as variations 
and modifications thereto which would occur to a person of skill in the art upon 
reading the above description and which are not in the prior art. 



